An appropriate current collector (CC) is crucial for harvesting substantial power in a microbial fuel cell (MFC). In the present study, stainless steel (SS) and titanium wires were used as the CCs for both the anode and cathode of MFC-1 and MFC-2, respectively. Tungsten wire (TW) was used as the anode CC in MFC-3, with SS wire as the cathode CC. In MFC-4, TW was used as the cathode CC with SS wire as the anode CC, and in MFC-5 both electrode CCs were TW. The power density, current density, oxidation current and bio-capacitance were compared to select the best and most cost effective CC material to enhance the power output of MFCs. Maximum power densities (mW/m 2 ) of 32. 28, 93.10, 225.38, 210.74, and 234.88 were obtained in MFC-1, MFC-2, MFC-3, MFC-4, and MFC-5, respectively. The highest current density (639.86 mA/m 2 ) and coulombic efficiency (23.12 ± 1.5%) achieved in MFC-5 showed TW to be the best CC for both electrodes. The maximum oxidation current of 7.4 mA and 7 mA and bio-capacitance of 10.3 mF/cm 2 and 9.7 mF/cm 2 were achieved in MFC-3 and MFC-5, respectively, suggesting TW is the best as the anode CC and SS wire as the cathode CC to reduce MFC fabrication costs.
INTRODUCTION
Microbial fuel cells (MFCs) could become one of the most sustainable and efficient technologies to harvest electrical energy from wastewater containing organic matter, using micro-organisms as the catalyst, while treating the wastewater (Logan ) . The efficiency of an MFC in producing bioelectricity is contingent upon a multitude of design elements such as the electrode, micro-organism, proton exchange mechanism employed, electrical circuit elements (Du et al. ) and type of substrates fed to anode (Pant et al. ; Pandey et al. ) . Significant research has been carried out on the selection of electrode material, proton exchange membranes as well as on other electrical circuit components and various catalysts, which are capable of boosting cathodic performance to escalate overall power output of MFCs (Hernández-Fernández et al. ) . The current collector (CC) connected to the electrodes significantly affects the electron flow and power production of MFCs (Li et al. ) . In order to increase power production, the importance of the CC through which transfer of electrons occurs cannot be overlooked (Pant et al. ) . Higher conductivity, lower resistivity, corrosion resistance and biocompatibility are the major factors to be kept in mind while selecting the perfect CC for MFCs (Pandit et al. ) .
Gold, silver, and copper are well known for their excellent conductivity (Matijasevic & Brandt ) . A good conductor in the system assures the desired output; however, certain drawbacks associated with the aforementioned three metals make them unsuitable for MFCs. Gold, being highly expensive, is not cost effective as a CC while scaling up of MFCs (Ter Heijne et al. ); whereas, silver ion leaching associated with silver CCs is lethal for the bacteria present in the biofilm, hence it is not appropriate, particularly as an anodic CC in MFCs (Pauksch et al. ) . Copper has been known since ancient times for its antibacterial activity, where the bacterial outer membrane ruptures on direct interaction by a process known as contact killing (Vincent et al. ) . Although in recent research copper has been used in MFCs as an anode (Baudler et al. ) , further investigations are required to ascertain its bactericidal effect on electrogens. Platinum, titanium and stainless steel (SS) are the other popular CCs used in recent research. Among these three, platinum has comparatively higher conductivity and lower resistivity; however, the use of platinum is restricted to laboratory-scale MFCs due to its high cost (Buitrón & Cervantes-Astorga ) . Titanium and SS wires are the other choices for CCs in MFCs (Birry et al. ; Li et al. ) ; however, their lower conductivity and higher resistivity demand research into other efficient and affordable CCs to shift this technology from laboratory to pilot scale MFCs.
Apart from its very high resistivity, SS wire is also unsuitable in the oxygen deprived environment in stagnant water due to reduced corrosion resistance (Oldfield & Sutton ) . In such conditions, the protective oxide layer formed by chromium starts to suffer from pitting or crevice corrosion, especially in the presence of microbial biofilm, which can cause leaching of its constituents i.e. heavy metals (Zhang et al. ) . However, on the cathodic side where sufficient oxygen is available, considerable power performance has been observed using SS (Zhang et al. ) . Titanium is more corrosion resistant and a more biocompatible material than SS, but its lower conductivity makes it not as efficient for electrodes or CCs in MFCs (Matijasevic & Brandt ) . A few other materials have also been reported as CCs, such as graphite granules with a graphite rod, graphite granules packed in an SS sock net, and graphite plates (Pandit et al. ) . However, the conductivities of graphite and SS are 0.002 × 10 7 /Ωm and 0.145 × 10 7 /Ωm, respectively, with the corresponding resistivity of 25 × 10 À7 Ωm to 50 × 10 À7 Ωm and 6.9 × 10 À7 Ωm due to which resultant power production from the MFCs is not significant (Pandit et al. ) .
Hence, to harvest maximum generated electrons from energised electrodes of electrogenic biofilm, other potential conductive CCs need to be explored. Tungsten wire (TW) is known for its high conductivity (1.76 × 10 7 /Ωm), which is 1. 87, 8.8, 12.13 and 800 times higher than platinum wire, titanium wire, SS wire, and graphite rod, respectively. Significant biological research is ongoing using tungsten because of its biocompatibility (Kostis et al. ) , while its applicability in MFCs is still under exploration (Sharma et al. ) . Due to good conductive properties and comparative chemical inertness, tungsten is also being used in electron beam devices like field emission guns in electron microscopes ( Johnson & Shockley ) . These specific properties encourage the exploration of its application as the CC in MFCs.
In view of the above, the power performance of identical MFCs using titanium wire, SS wire and TW as the CC was compared in this research. Power generation using TW as the CC on one electrode and SS as the CC for the other was also examined to reduce the MFC fabrication cost. The performance results of the MFCs were compared based on power produced, open circuit voltage (OCV), operating voltage (OV) and their polarization behaviour as well as by performing cyclic voltammetry. Chemical oxygen demand (COD) removal efficiencies of MFCs were also compared to observe the effect of different CCs on wastewater treatment performance.
MATERIAL AND METHODS

MFCs fabrication
Five cylindrical and dual chambered MFCs were fabricated using low-cost clayware pots. A clayware pot having 70 mL volume served as the anodic chamber, and the wall material of the pot served as a separator between the anodic and cathodic chambers. Clayware pots functioning as the anodic chamber were placed in a plastic container of 1 L capacity to function as the cathodic chamber, and tap water was used as the catholyte. Air was supplied in the catholyte using an aquarium aerator (Resun ACO-001 electromagnetic air pump, China) at a rate of 3 L/min. Carbon felt (Panex ® 35, Zoltek Corporation, USA) was used as the electrodes for both anode and cathode and it was wrapped inside and outside the wall of these pots to make the respective electrodes. The projected surface area of anode and cathode was 71.5 cm 2 and 161 cm 2 , respectively. The three CC materials under investigation, namely SS, titanium and TW, were knotted tightly on both carbon felt electrodes in a few places to ensure firm contact for this comparative study.
In MFC-1, SS wire (T-316 L, 0.25 mm diameter) was used as a CC for both anode and cathode electrodes. In MFC-2, titanium wire (Alfa Aesar, 0.25 mm diameter) was used for both the CCs. In MFC-3, TW (Alfa Aesar, 0.25 mm diameter), which has better electronegativity than SS wire, was used on the anodic side and SS wire was used on the cathodic side as CCs. MFC-4 had the opposite configuration of MFC-3, meaning TW was used on the cathodic side and SS wire was used on the anodic side as CCs. In MFC-5, TW was used as both anodic and cathodic CCs. For equality of configuration, 15 cm of each wire with same thickness was used for the CCs and were tangled with the carbon felt electrodes to connect anode and cathode with 100 Ω resistance in the external circuit.
Inoculum and substrate
A pure culture of Pseudomonas aeruginosa, a known electrogenic bacterial species, was used as the source of inoculum in all MFCs. This bacterial culture was isolated from a working MFC and was identified as MTCC 12,307 using 16S rRNA sequencing from the Microbial Type Culture Collection and GenBank, IMTECH, Chandigarh, India (Pradhan et al. ) . Synthetic media was provided for the growth of the bacterial culture which contained 0.5 g glucose as the source of carbon, 0.13 g KCl, 0.1 g MgSO 4 .7H 2 O, 0.31 g NH 4 Cl, 0.42 g K 2 HPO 4 , 0.22 g KH 2 PO 4 , and 1 mL of trace metal solution containing 0.526 mg of NiSO 4 .6H 2 O, 0.526 mg of MnSO 4 .H 2 O, 0.106 mg of ZnSO 4 .7H 2 O, 0.106 mg of H 3 BO 3 , 0.0526 mg of CoCl 2 .6H 2 O, and 0.004 mg of CuSO 4 .-5H 2 O per litre of deionized water. Before the inoculation with bacterial culture, the media was autoclaved at 121 C for 15 min to make it sterile. A loop full of P. aeruginosa bacterial culture was added to a 250 mL Erlenmeyer flask containing sterilized media and incubated at 37 C (120 rpm) in an incubator and shaker (Orbital shaking incubator, Remi Instruments) until proper growth of the culture occurred. The colony forming units (CFUs) of bacterial culture were calculated as 1.91 × 10 8 CFU/mL using inoculation and incubation of 4 days on sterilized nutrient agar plates. Mid-log phased grown bacterial culture with a volume of 10 ml was used as the inoculum source in all MFCs. Synthetic wastewater having sodium acetate as carbon source was prepared with a COD of 1131 mg/L and a feed pH of 6.9 was maintained. Synthetic wastewater was poured in all MFCs after adding the inoculum without much disturbance to the carbon felt wrapped along the anodic wall of the MFCs. The feeding frequency of all MFCs was set at 4 days. All MFCs were operated in batch mode for 80 days at temperatures of 30-32 C.
Analysis and calculations
Influent and effluent COD concentrations of all five MFCs were measured to observe wastewater treatment efficiency as stated in Standard Methods (APHA ). With an external resistance of 100 Ω (unless stated otherwise) OV was measured and OCV, i.e. open circuit condition when no current flow in circuit, was recorded after stabilizing the voltage value. Voltage and corresponding current were recorded by data acquisition/switch unit (Agilent Technologies, Malaysia) connected with a computer system. The relation P ¼ iV was used to calculate power, where 'i' ¼ current and 'V' ¼ voltage. Polarization was done after obtaining the stable voltage using the variable resistance box (GEC 05 R Decade Resistance Box, Kolkata, India) and continued after reaching stable cell potentials while changing the external resistance from 40,000 Ω to 1 Ω in steps. Maximum power density (mW/m 2 ) was calculated as iV/A at the maximum power produced during polarization, where A is the surface area of the anode (m 2 ). Electrode potentials were measured using Ag/AgCl reference electrode (þ197 mV vs standard hydrogen electrode (SHE), Bioanalytical Systems Inc., USA). Internal resistance (IR) of the MFCs was estimated from a polarization power density curve using the extreme power point (Logan & Regan ) .
The coulombic efficiency (CE %) was calculated using Equation (1):
where Ct is the total coulombs calculated by integrating the measured current over a period of complete cycle (t) through the external circuit, and Cth is the theoretical amount of coulombs, estimated based on COD removal using Equation (2):
where F is Faraday's constant as 96,485 C/mol; b is the number of electrons exchanged per mole of oxygen; V an is the anodic chamber working volume; ΔCOD is the difference between influent and effluent COD; and M is the molecular weight of oxygen (Logan ). Cyclic voltammetry (CV) was performed to study the mechanism and rate of oxidation-reduction processes using Autolab PGSTAT 302N potentiostat (Metrohm, the Netherlands). CV is significant for extracting unique information about the rate of electron flux during direct electron transfer by bacteria from their outer surface and to understand the involvement of enzymatic catalysis at the electrodes. A scan window from À1.0 to þ1.0 V (at scan rate of 10 mV/s) was maintained for CV analysis and response of current with varying potentials was recorded using NOVA 1.9 software.
Scanning electron microscopy
In the current study, biofilm formation was observed before and after inoculation of bacteria using a scanning electron microscope (SEM, Zeiss EVO40 SEM, Cambridge, UK) after gold ion sputtering by HITACHI E-101 ion sputter (Singapore). For sample preparation after inoculation, a piece of carbon felt anode was cut and put in a glass petri dish. On that piece of carbon felt, phosphate buffer solution was drizzled using a micropipette for superficial washing. After washing three times with buffer, 0.25% glutaraldehyde (pH 7.2) was added slowly to the surface of the carbon felt and allowed to dry for 45 min. The glutaraldehyde was used as a fixative for the bacterial biofilm present on the carbon felt. Dehydration of properly fixed and dried cells samples was carried out using ethanol, ranging from 10% to 100% by volume, prepared using double distilled water (Milli-Q, Millipore). Each ethanol concentration was added in steps carefully on the bacterial biofilm which had developed on the carbon felt and kept for 15 minutes. After the final dehydration step of 100% ethanol concentration, the samples were kept at 60 C in an incubator for overnight drying. Properly dried samples were then mounted on an SEM stub using adhesive tape. SEM images were taken with an incident electron beam of 5 KeV energy, having 5.5 mm working distance.
RESULTS AND DISCUSSION
Wastewater treatment
Throughout the operation of wastewater treatment and electricity generation the anolyte pH of all the five MFCs was found in the range of 6.8-7.2. The efficiency of COD removal in all MFCs was examined after each fed-batch cycle until 80 days of operation. The COD removal efficiencies of MFC-1, MFC-2, MFC-3, MFC-4 and MFC-5 were found to be 63.5 ± 1.5%, 76.0 ± 0.8%, 83.0 ± 1.1%, 81.7 ± 2.4%, and 79.1 ± 1.2%, respectively. The improved COD removal was achieved in MFCs containing TW either as the anode (MFC-3), the cathode (MFC-4) as both CCs (MFC-5), as compared to MFC-1 and MFC-2 due to the higher electron discharge capability of TW as CC, which further resulted in an enhanced rate of organic matter removal because of improved bio-electrochemical oxidation. The electroactive biofilm formation on the electrode surface is dependent on potential difference, which stimulates the bacterial community to self-assemble into a cohesive extracellular matrix (Kumar et al. ) . Due to variation in the biofilm formation, COD removal varied in all MFCs because of different electrical potential.
Estimated coulombic efficiencies of MFC-1, MFC-2, MFC-3, MFC-4 and MFC-5 were 10.07 ± 0.5%, 11.18 ± 0.8%, 17.24 ± 1.2%, 16.17 ± 1.1%, and 23.12 ± 1.5%, respectively. The CE defines the ratio of total coulombs that are actually transferred to the anode from the substrate and total coulombs actually harvested, which are determined by integrating current over time. Hence, improved CE was achieved in MFCs having TW as both CCs (MFC-5), as the anode CC (MFC-3) or as the cathode CC (MFC-4) compared to SS wire (MFC-1) and titanium wire (MFC-2) due to the conductive nature of TW as CC. Therefore, a potential difference is required to make the anode attractive enough for bacteria to transfer their electrons through a conductive medium to achieve substantial CE (Kumar et al. ) . The present study mainly evaluated the effect of CCs; however, the use of anode and cathode catalysts along with TW as CC is expected to bring further significant improvement in CE.
Electricity generation and polarization
Power output was measured for all five MFCs from the first day of start-up, and it increased gradually over the days of operation until stable power was achieved after the third fed-batch cycle. Average OCVs of 735 ± 13, 759 ± 4, 805 ± 3, 753 ± 15, and 769 ± 4 mV were observed in MFC-1, MFC-2, MFC-3, MFC-4 and MFC-5, respectively and corresponding OVs of the MFCs were 124 ± 17, 208 ± 17, 336 ± 18, 319 ± 11, and 361 ± 11 mV. The performance of the MFCs indicated that voltage generation was found to be enhanced in MFC-3, MFC-4 and MFC-5, in which TW was used as the CC compared to MFC-1 and MFC-2 using SS wire and titanium wire as the CC, respectively. These results showed a positive relation between the conductivity of TW as the CC and the electricity generation of the MFCs.
Maximum power densities achieved during polarization for MFC-1, MFC-2, MFC-3, MFC-4, and MFC-5 were 32.28 mW/m 2 , 93.10 mW/m 2 , 225.38 mW/m 2 , 210.74 mW/m 2 , and 234.88 mW/m 2 , respectively. MFC-5, MFC-3 and MFC-4 having TW as the CC in their configuration showed better power densities than MFC-1 and MFC-2 in which SS and titanium wires were used as the CC (Figure 1) . Although SS is the preferred CC material due to its lower cost, power densities achieved during batch mode (1.31 ± 1.75 mW/m 2 ), in semi-continuous mode (19.06 ± 2.01 mW/ m 2 ) or in continuous mode (15.53 ± 2.51 mW/m 2 ) of operation in the MFC (Pasupuleti et al. ) were significantly less than the power density of 234.88 mW/m 2 achieved using TW as CC in the present study. Maximum current density of 639.86 mA/m 2 was observed in MFC-5 followed by MFC-3 (613.63 mA/m 2 ), MFC-4 (574.98 mA/m 2 ), MFC-2 (294.63 mA/m 2 ), and MFC-1 (80.31 mA/m 2 ). Improved power performance was achieved in MFCs in which TW was used as either both anode and cathode CCs (MFC-5) or with SS wire as the corresponding CC (MFC-3 and MFC-4) than SS and titanium wires as both CCs (MFC-1 and MFC-2, respectively).
Cathode performance significantly influences overall power output, the OV, the OCV, and the polarization behaviour of MFCs. The energy level of the electrons can be represented by anode and cathode electrode potentials in which electrons travel from a lower potential area to a higher potential area. A gradual decrease in anode and cathode potentials was reported for all five MFCs with corresponding decreasing resistances. At higher external resistance, a drop in potential is directly proportional to the drop in electron transfer in the electrical circuit corresponding to electrode performance. MFCs having TW as CCs showed improved anode and cathode potentials than MFC-1 and MFC-2 having SS wire and titanium wire as CCs, respectively (Figure 2 ). Anode potentials of À490 mV, À432 mV, and À425 mV with corresponding cathode potentials of 351 mV, 317 mV and 336 mV were achieved in MFC-3, MFC-4 and MFC-5, respectively, in which TW was used as the anodic CC in MFC-3, the cathodic CC in MFC-4 or as both CCs in MFC-5.
Less power produced in MFC-1 could have happened because of corrosion of the SS wire due to metabolic activities of the bacterial population present in the inoculum. Electrogenic bacteria present in the anodic chamber of MFCs, either as pure or mixed populations, get their energy by reducing elemental sulphur to hydrogen sulphide with oxidation of acetate, succinate or other organic compounds present in the substrate. These sulphate reducing bacteria cause corrosion of SS wire (Iversen ), due to which leaching of chromium and other heavy metals present in SS wire material can cause the reduction in overall performance of the MFC. SS (300 series) usually contains up to 17% chromium, the alloying element which gives basic corrosion resistance to SS (Oldfield & Sutton ) . In the presence of Cr, an impenetrable oxide film forms on SS when it is exposed to an oxidative environment and makes it resistant to oxidation as well as staining. By contrast, in an oxygen starved environment and in the presence of water, it becomes highly susceptible to crevice corrosion, which causes pitting, roughness or worm like holes on its surface. Hence, it is necessary to keep SS out of stagnant water to avoid these consequences. Although the synthetic feed used in the present experiment had very low sulphate content, in a long run of operation of an MFC such corrosion of the SS anode can happen.
The electrical conductivity of SS wire is also very low compared to titanium and TW (Matijasevic & Brandt ) . SS, however, works well in an oxygen enriched environment due to its corrosion resistant nature in the presence of sufficient oxygen and hence it can be used preferably as a cathode CC to make a low-cost MFC (Zhang et al. ) . Thus, TW wire gave better overall power performance when used as CC for both the electrodes (MFC-5); however, for cost effective MFC configuration, TW may be used only as the anode CC, rather than using it for both electrodes, along with SS wire as the cathode CC (MFC-3).
Cyclic voltammetry
CV is a remarkable technique for understanding redox reactions in an MFC comprising a complex and self-assembling living catalyst like electrogenic bacteria. These living cell catalysts perform a series of oxidative and corresponding electron transfer reactions, which are linked to a series of natural metabolic proteins that interfaces with the connecting electrodes. The CV technique involves cycling of the electrode potential, while immersed in an unstirred solution, and measures the resulting current of working electrodes during the potential scan. The electrode current response was recorded with varying potential and voltammograms were obtained using Ag/AgCl as a reference electrode (þ197 vs. SHE) and using platinum electrode as the counter electrode. Redox peaks were observed during the CV scan, which represent effective redox processes that occurred in the MFCs. During CV maximum oxidation currents of 5.4 mA, 6 mA, 7.4 mA, 6.4 mA, and 7 mA were obtained for MFC-1, MFC-2, MFC-3, MFC-4, and MFC-5, respectively (Figure 3) . The higher redox current obtained in MFC-3 (7.4 mA), MFC-4 (6.4 mA) and MFC-5 (7 mA) emphasized TW as a suitable CC having effective electron transfer due to less IR (80 Ω) as compared to SS wire (700 Ω MFC-1) and titanium wire (150 Ω MFC-2) as CCs. The charge storage capacity of the anode (also known as bio-capacitance) was calculated for all five MFCs, giving values of 7.5 mF/cm 2 , 8.3 mF/cm 2 , 10.3 mF/cm 2 , 8.9 mF/cm 2 and 9.7 mF/cm 2 for MFC-1, MFC-2, MFC-3, MFC-4, and MFC-5, respectively. Higher redox current and bio-capacitance were obtained in MFCs having TW as CC in MFC-3, MFC-4 and in MFC-5 compared to MFC-1 and MFC-2, in which SS wire and titanium wire were used as CCs, respectively.
Conductivity, resistivity and cost evaluation
Higher conductivity or lower resistivity and good biocompatibility are the critical properties of a CC in MFCs to reduce IR and to gain better power production. Based on the above mentioned performance results of MFC-3, MFC-4, and MFC-5, it can be inferred that TW shall be used as a CC to harvest more power from MFCs (Table 1) . Electrical conductivity (σ) is a measure of how easily electric current flows through a material. Whereas electrical resistivity (ρ) is a measure of how effectively a material opposes electric current flow. Thus the lower the resistivity, the higher the flow of electric current through a material (Matijasevic & Brandt ) . is not suitable for scaling up MFCs. Like gold wire, silver wire also has a good conductivity of 4.29 × 10 7 /Ωm (resistivity of 1.5 × 10 À8 Ωm). Although silver wire is cheaper than gold wire (21 $ for 1 m, Alfa Aesar-0.25 mm dia.), yet it constantly releases silver ions in liquid due to its oligodynamic characteristics, which work as a therapeutic agent and lead to surface inhibition of bacterial biofilm formation. Besides gold and silver, copper wire has a better conductivity of 5.95 × 10 7 /Ωm with a resistivity of 1.7 × 10 À8 Ωm and a lower cost (7.8 $ for 1 m, Alfa Aesar-0.25 mm dia). In spite of having good conductivity, copper wire cannot be used as CC for MFCs due to its antimicrobial properties. Platinum wire is another popular CC in MFCs, having a conductivity of 0.943 × 10 7 /Ωm (10.5 × 10 À8 Ωm resistivity). The cost of 344 $ for 1 m (Alfa Aesar-0.25 mm dia.) vastly confines its applicability for scaling up of MFCs.
Titanium wire is now being used in place of platinum wire as CC to reduce the fabrication cost of MFCs. The electrical conductivity and resistivity of titanium wire are 0.2 × 10 7 /Ωm and 43 × 10 À8 Ωm, respectively. The cost of titanium wire is 3.5 $ for 1 m (Alfa Aesar-0.25 mm dia. 99.7% purity) which is cheaper than platinum wire; however, poor conductivity in comparison to platinum wire limit its application for harvesting more power from MFCs. SS wire is most commonly used as CC in MFCs due to its low cost (0.5 $ for 1 m). The minimum conductivity of 0.145 × 10 7 /Ωm among the above wires and a very high electrical resistivity of 69.2 × 10 À8 Ωm results in inferior power production in MFCs. In oxygen deprived conditions, the removal of a passive layer of chromium which is necessary for the corrosion resistant layer limits SS wire to being used as the anode CC.
TW in comparison to the above discussed CCs has various advantages, such as better conductivity (1.76 × 10 7 /Ωm) than platinum, titanium and SS wires. This higher electrical conductivity supports better electron flow through the CC and enhances overall performance of the MFC. The electrical resistivity of 5.65 × 10 À8 Ωm of TW is 8.6 times less than titanium wire and 13.8 times lower than SS wire. The cost of 1 m is 3.8 $ (Alfa Aesar-0.25 mm dia. 99.7% purity), which is significantly less than gold and platinum wires. Thus based on electrical conductivity, resistivity, and cost of CCs, TW shows a promising future as the CC for MFCs. Based on aforementioned power performance results TW could preferably be applied as both anode and cathode CCs for MFCs; however, to reduce the fabrication cost of MFCs, TW may be used as the anode CC only, with the corresponding cathode CC being SS.
CONCLUSION
An efficient CC having high conductivity and low resistance should be used to harvest maximum power from MFCs. In this study, titanium, SS and TW were used as CCs in MFCs and the power produced by these MFCs was compared to evaluate suitability as CC for both anode and cathode. Higher power density and current density with smaller IR were observed in MFCs having TW as CC. Overall improvements in power performance, polarization, biocapacitance and CV results also demonstrated that TW can be used as CC for both MFC electrodes to enhance power production. However, for reducing MFC fabrication costs, biocompatible TW could be used as the anode CC and SS wire could be used as the cathode CC to harvest more power from MFCs.
